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Abstract 
Background/methods: Insecticide-treated nets (ITNs) are the primary tool for malaria vector control in sub-Saharan 
Africa, and have been responsible for an estimated two-thirds of the reduction in the global burden of malaria in 
recent years. While the ultimate goal is high levels of ITN use to confer protection against infected mosquitoes, it is 
widely accepted that ITN use must be understood in the context of ITN availability. However, despite nearly a decade 
of universal coverage campaigns, no country has achieved a measured level of 80% of households owning 1 ITN for 2 
people in a national survey. Eighty-six public datasets from 33 countries in sub-Saharan Africa (2005–2017) were used 
to explore the causes of failure to achieve universal coverage at the household level, understand the relationships 
between the various ITN indicators, and further define their respective programmatic utility.
Results: The proportion of households owning 1 ITN for 2 people did not exceed 60% at the national level in any sur-
vey, except in Uganda’s 2014 Malaria Indicator Survey (MIS). At 80% population ITN access, the expected proportion 
of households with 1 ITN for 2 people is only 60% (p = 0.003 R2 = 0.92), because individuals in households with some 
but not enough ITNs are captured as having access, but the household does not qualify as having 1 ITN for 2 peo-
ple. Among households with 7–9 people, mean population ITN access was 41.0% (95% CI 36.5–45.6), whereas only 
6.2% (95% CI 4.0–8.3) of these same households owned at least 1 ITN for 2 people. On average, 60% of the individual 
protection measured by the population access indicator is obscured when focus is put on the household “universal 
coverage” indicator. The practice of limiting households to a maximum number of ITNs in mass campaigns severely 
restricts the ability of large households to obtain enough ITNs for their entire family.
Conclusions: The two household-level indicators—one representing minimal coverage, the other only ‘universal’ 
coverage—provide an incomplete and potentially misleading picture of personal protection and the success of an 
ITN distribution programme. Under current ITN distribution strategies, the global malaria community cannot expect 
countries to reach 80% of households owning 1 ITN for 2 people at a national level. When programmes assess the 
success of ITN distribution activities, population access to ITNs should be considered as the better indicator of “univer-
sal coverage,” because it is based on people as the unit of analysis.
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Background
Insecticide-treated nets (ITNs), which today are almost 
exclusively comprised of long-lasting insecticidal nets 
(LLINs), are the primary tool for malaria vector control 
in sub-Saharan Africa, and have been responsible for an 
estimated two-thirds of the reduction in the global bur-
den of malaria in recent years [1]. Over 1.5 billion ITNs 
have been distributed since the UN Secretary General 
called for a scale-up of ITN coverage in 2008, primar-
ily through mass campaigns aiming at reaching univer-
sal coverage [2]. In line with the definition of “universal 
health coverage”, the World Health Organization (WHO), 
in the 2017 update of its recommendations on achieving 
universal coverage with LLINs, defines “universal cover-
age” as “universal access to, and use of, LLINs” for the 
entire population at risk of malaria targeted in the control 
or elimination strategy [3]. Usually the minimum target 
for universal coverage to be considered achieved is 80% 
both for access (ownership) and use. This definition of 
“universal coverage with ITNs” is not disputed, and there 
is general agreement how to quantify the need for ITNs.
Universal coverage campaigns use an algorithm to 
calculate the number of ITNs needed for procurement 
based on population. The definition applies the observa-
tion that on average two people share a net, meaning that 
if one net is given for every two people in a household, 
all members have a chance to use an ITN [4]. For quan-
tification of the number of ITNs needed for a national 
mass distribution campaign, the population is divided by 
1.8 (and not by 2), to account for households with an odd 
number of members in which an additional net would be 
needed [3, 5]. Campaigns also tend not to count exist-
ing ITNs in the household, as these are most often older 
ITNs, with a limited useful life, and the effort of count-
ing and including these in distribution planning would be 
intensive, and possibly of limited utility [6].
The 2013 revision of malaria indicators by the Roll 
Back Malaria Monitoring and Evaluation Reference 
Group [7] recommended four indicators for measuring 
ITN availability and use (Table 1). Two are calculated at 
the household level, and two are calculated at the indi-
vidual (population) level. The two household level indi-
cators are (i) the proportion of households that own at 
least 1 ITN and (ii) the proportion of households that 
own at least 1 ITN for 2 people. The two population-
level indicators are (iii) the proportion of the popula-
tion with access to an ITN within the household and 
(iv) the proportion of the population that used an ITN 
the previous night. While the ultimate goal is of course 
high levels of ITN use to confer protection against 
infected mosquitoes, it is widely accepted that ITN use 
must be understood in the context of ITN availability 
[8–11]. Ownership and access indicators are, therefore, 
useful for malaria programmes to understand the reach 
and breadth of their ITN distribution activities.
The three indicators measuring ownership and access 
provide different viewpoints into ITN ‘coverage’. Previ-
ous work has shown they are mathematically related [6, 
11]; the present work focuses on the programmatic util-
ity of the indicators. The proportion of households that 
own at least 1 ITN provides a sense of the spatial reach 
of ITN distribution activities, at a minimal depth of cov-
erage. The proportion of households that own at least 1 
ITN for every 2 household members is often referred to 
as “universal coverage”, and may be reworded as the pro-
portion of households with ‘enough’ or ‘sufficient’ ITNs. 
This seems intuitively to be the best choice for a sum-
mary indicator as the algorithm for allocating nets to 
households to achieve universal coverage and it is also 
part of the definition of the indicator. Most of the time, 
country programmes set targets for all ITN indicators at 
80% or above in line with WHO recommendations. How-
ever, despite 7 years of universal coverage campaigns, no 
country has achieved a measured level of 80% of house-
holds with 1 ITN for 2 people [12] in a national survey, 
even immediately after a universal coverage distribution 
campaign. National-level results for the proportion of 
households owning at least 1 ITN for every 2 people con-
sistently lag behind results for the third indicator, the pro-
portion of the population with access to an ITN within 
the household (Fig. 1) [12]. This third indicator of ‘cover-
age’, often referred to as ‘population ITN access’ or ‘ITN 
access’, provides a population level estimate of individu-
als who could use an ITN, again based on the assumption 
that two people can share a net. It is calculated by multi-
plying the number of ITNs owned by the household by 2, 
creating a number of ‘potential ITN users’ in the house-
hold. Then the number of potential ITN users is divided 
by the number of household members who stayed in the 
house the night before the survey (de jure members). Val-
ues over 1.00 are set to 1.00, as households cannot have 
more than 100% access. Each member of the household 
is then assigned that value in the household member 
dataset, and the mean is calculated across the population 
[7, 9]. In the 2017 World Malaria Report, the proportion 
of households owning any ITN was modelled at 79.7%, 
population ITN access at 61.2%, population ITN use at 
54.1%, and proportion of households that own at least 1 
ITN for 2 people in last position at 43.4%.
The objective of this study is to explore reasons why 
the indicator “the proportion of households owning at 
least 1 ITN for 2 people” falls consistently far below 
target levels, and to evaluate the three ITN ownership 
coverage indicators to see which one is the right indi-
cator to assess whether universal coverage has been 
achieved.
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Methods
Eighty-six publicly available datasets from Demo-
graphic and Health Surveys (DHS) and Malaria Indica-
tor Surveys (MIS) in 33 countries in sub-Saharan Africa 
(2005–2017) representing all available data sets for this 
period were downloaded with permission from dhspro-
gram.com. The proportion of households owning at 
least 1 ITN for 2 people (enough ITNs) and population 
access to an ITN within the household were calculated 
at the national level, according to standard RBM Moni-
toring and Evaluation Reference Group procedures 
[7]. Mean household size was calculated using de jure 
(usual) members. All data preparations and analyses 
were done using Stata 14 software (Stata Corp, College 
Station, Texas, USA) and applying the sampling weights 
as provided in the data sets.
To provide data points at the higher end of the range 
of access and ownership, 12 surveys from eight coun-
tries were identified where national-level ownership 
of at least 1 ITN within the household exceeded 80%. 
A total of 121 regional or provincial estimates of the 
same indicators were calculated for these 12 surveys. 
For 59 surveys conducted in 2010–2016, ITN indica-
tors were calculated by household size (a categorical 
variable of 1–3, 4–6, 7–10, and ≥ 11 de jure members) 
and extracted with their standard errors and confidence 
intervals adjusting for the cluster sampling design.
Country results for all described variables were then 
extracted into a new data set that also included country 
and region (where applicable), year and type of survey 
(MIS, DHS). Multivariable regression analysis was then 
used to analyse trends and relationships within this data 
set either as linear regression models or fractional poly-
nomial models, using Stata’s fp command to identify the 
best fit. Analytical weights were created and applied to 
adjust for differences in size and variation of data sets. 
Unless otherwise indicated, statistical significance test-
ing applied the Pearson design-based F-statistic for pro-
portions and ordinary least squares linear regression for 
multivariable analysis.
Results
In a simple plot of the national results for each of the 
three ITN coverage indicators plotted against household 
ownership of at least 1 ITN, it is observed that household 
ownership of at least 1 ITN for 2 people is consistently 
below population ITN access, which itself falls con-
sistently below household ownership of at least 1 ITN 
(Fig. 1).
Even immediately following universal coverage cam-
paigns, the highest result for the proportion of house-
holds owning at least 1 ITN for 2 people was only 62.0% 
at the national level, in Uganda’s 2014 MIS. Among the 
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Fig. 1 National level population access to ITN (green) and household ownership of ≥ 1 ITN for 2 people (black) plotted against household 
ownership of ≥ 1 ITN from 86 surveys. Shaded area = 95% CI of fitted values)
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regional data points, the highest result was 81.0% in 
Lindi, Tanzania, in the 2011–2012 Tanzania HIV/AIDS 
and Malaria Indicator Survey (Fig. 2).
In the 12 surveys where household ownership of at 
least 1 ITN exceeded 80%, population ITN access ranged 
from 57.3% in Madagascar 2011 to 78.8% in Uganda 2014 
(Table 2). In these same surveys, the proportion of house-
holds owning at least 1 ITN for 2 people ranged from 
31.1% in Madagascar 2011 to 62.0% in Uganda 2014.
Population ITN access and household ownership of 
sufficient ITNs were highly correlated, with household 
ownership of 1 ITN for 2 people on average estimated to 
0
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Fig. 2 National (blue circles, from 86 surveys) and selected regional estimates (green triangles, from 12 surveys where national-level ownership of 
at least 1 ITN was > 80%; offset for readability) for household ownership of at least 1 ITN for every 2 people, 2005–2016. Target line of 80% indicated 
in dashed red
Table 2 ITN indicators in household surveys conducted shortly after universal coverage campaigns
Country Survey Year % households 
owning ≥ 1 ITN
% households owning ≥ 1 
ITN per 2 people
% population 
with access to an ITN
Mean 
household size 
(de jure)
Madagascar MIS 2011 80.5 31.1 57.3 4.9
Rwanda DHS 2014 80.6 42.2 63.8 4.9
Benin DHS 2012 81.8 43.3 64.0 5.0
Rwanda DHS 2010 82.0 40.7 64.2 4.4
Senegal DHS 2016 82.1 57.1 75.8 8.3
Rwanda MIS 2013 82.6 42.1 65.9 4.3
Mali DHS 2013 84.4 39.6 65.1 5.7
Mali AP 2010 85.9 31.7 61.6 6.0
Burkina Faso DHS 2014 89.8 47.4 71.2 5.9
Uganda MIS 2014 90.2 62.0 78.8 4.9
Tanzania MIS 2011 91.0 54.8 74.7 5.1
Mali MIS 2015 93.0 37.6 69.5 9.0
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be 67.0% that of population ITN access (coef. 0.67 95% 
CI 0.65–0.69; p < 0.0001;  R2 = 0.97) in a linear model 
when the no-constant option was specified to force the 
intercept at zero for the two indicators. However, as 
shown in Fig.  3, the fractional polynomial model was a 
better fit than the linear model (p = 0.003), demonstrat-
ing that at 80% population ITN access, the proportion of 
households owning ≥ 1 ITN for 2 people is estimated to 
be approximately 60%. Models for each indicator are pre-
sented in Additional file 1.
Household size was a key determinant of all three 
ITN coverage indicators. Among surveys conducted 
in 2010–2016, ownership of at least 1 ITN increased 
as household size increased (coef. = 1.36; p < 0.001). 
However, increasing household size was significantly 
associated with lower levels of household ownership 
of at least 1 ITN for 2 people (coef. = − 2.24; p < 0.001), 
with only 6.2% (95% CI 4.0–8.3) of households of 7–9 
people reaching this threshold. Larger households also 
had reduced levels of population ITN access, but the 
decline was less pronounced (coef. = − 0.66; p = 0.010). 
Across the 2010–2016 surveys, population ITN access 
was 41.0% (95% CI 36.5–45.6) among those in house-
holds with 7–9 people, whereas these same households 
only had rates of 6.2% of owning at least 1 ITN for 2 
people (Fig. 4).
To provide a simplified illustration of the individual 
protection that is obscured by the household indicator of 
owning at least 1 ITN for 2 people, compared to the pop-
ulation access indicator, Fig. 5 depicts five households, in 
which a total of 30 people reside, with 10 ITNs. All five 
households own at least 1 ITN (Fig. 5a), but only one (the 
smallest household) owns at least 1 ITN for every 2 peo-
ple (green house in Fig. 5b). However, as illustrated with 
the green stick figures in Fig.  5c, 19 people have access 
to an ITN within their household, out of 30 (63%). Ulti-
mately, 18 of those 19 individuals with access slept under 
an ITN the previous night (green figures in Fig. 5d), giv-
ing a total population use of 60%.
If one looks at the number of people that are assumed 
to be protected with the indicator of proportion of 
households owning at least 1 ITN for 2 people, only three 
individuals (10%) are counted. Compare this with the 
19 people that are counted under the population access 
indicator. In effect, 16 individuals out of the 30 in this 
hypothetical village—53%—have access to an ITN that is 
ignored when looking only at the indicator of households 
with enough ITNs. This is the same as the crude differ-
ence between 63% population ITN access and 10% (3 
of 30) population living in households that own enough 
ITNs. The ignored population can also be expressed as 
a percentage of population access: 16 individuals out of 
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Fig. 3 Household ownership of ≥ 1 ITN for 2 people vs population ITN access with national and regional results. Fitted values use a best-fit 
fractional polynomial
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Fig. 4 Mean ITN coverage for the three ITN coverage indicators for households of varying sizes, across 59 household surveys (2010–2016)
a
c d
b
Fig. 5 Illustrative depiction of ITN indicators using 5 households, 30 individuals, and 10 ITNs. The top row a, b demonstrate household ownership 
indicators, while the bottom row c, d shows population-level indicators. ITNs are depicted in tall trapezoids and individuals with stick figures. 
Households meeting the indicator criteria for ownership are identified in green/darker color. Individuals meeting the indicator criteria are identified 
with solid green color
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the 19 individuals with access to an ITN in this village are 
ignored by the indicator of households that own at least 1 
ITN for 2 people, or 84%.
Expanding this analysis to the 86 datasets (Fig. 6), the 
average difference between the population with access to 
an ITN and the population living in households that own 
enough ITNs is 21%. This is the overall percentage of the 
population that has access to an ITN within their house-
hold that is ignored when looking solely at the indicator 
of proportion of households that own at least 1 ITN for 
2 people. But because this crude difference is smaller at 
lower levels of population access, and higher at high lev-
els of access, it is better expressed as a percentage. The 
percentage of population access that is ignored, out of the 
total population with access, can be expressed as
On average, across the 86 national surveys reviewed 
in this study, out of all the people with access to an ITN, 
60% (95% CI 23–89%) are ignored when planners focus 
%population whose ITN access is ignored by the indicator of
“% households owing at least 1 ITN for 2 people"
= 1−
(
% population living in households with enough ITNs
% population with access to an ITN
)
solely on the indicator of households owning at least 1 
ITN for 2 people.
Discussion
Currently, targets in national strategic plans or donor 
documents for all three ITN coverage indicators are usu-
ally set at 80% or above. This gives a perhaps unintended 
implication that the three indicators should increase 
together at the same rates. Moreover, universal cover-
age guidance from WHO and others calls for procuring 
ITNs with the goal of providing each household with 1 
ITN for 2 people, again implying that by doing so, coun-
tries should expect to achieve 100% of households own-
ing enough ITNs immediately after a mass campaign. 
These implied expectations contribute to confusion and 
frustration when post-campaign results—particularly for 
the indicator of households owning at least 1 ITN for 2 
people—are far below target levels. This also has signifi-
cant implications for donor funding. Performance frame-
works, typically aligned to the household ownership 
indicators, may inadvertently set national programmes 
up for failure, and countries may be unnecessarily penal-
ized based on the indicator targets, not all of which are 
achievable.
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Fig. 6 The proportion of people with access to an ITN (green) and the proportion of people living in households with enough ITNs (yellow) as a 
function of household ownership of any ITN. The difference between the green and yellow plots is 20 percentage points on average, and the gap is 
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This work builds on previous work describing the util-
ity of the ITN indicators and exploring the mathematical 
relationships between the indicators in order to model 
ITN coverage in years between surveys [6, 9, 11]. However, 
in terms of programmatic utility, each indicator must be 
considered with its advantages and limitations, in terms of 
interpreting the extent of ITN protection in a given popu-
lation. The two household indicators can be compared to 
provide an ‘ownership gap’, and the two population indica-
tors can be compared to provide a ‘use gap’ [9, 11].
The proportion of households owning at least 1 ITN is 
a minimal threshold that essentially describes the spatial 
reach of ITN distribution activities, but not the degree 
to which the population is protected. (The vast majority 
(80%) of households in endemic countries require more 
than a single ITN to protect all persons in the house-
hold—see Additional file  2). At the other end of the 
spectrum, the proportion of households owning at least 
1 ITN for 2 people is an indicator of ‘perfect’ household 
coverage, and has never been reached at a national or 
even a subregional level. Households may miss qualify-
ing as having ‘enough’ nets by only 1–2 nets, and this is 
often misinterpreted as these households not having any 
protection. The two household-level indicators—one rep-
resenting minimal coverage, the other only ‘universal’ 
coverage—thus provide an incomplete and potentially 
misleading picture of personal protection and the success 
of an ITN distribution programme.
Larger households were far less likely than smaller 
households to own enough ITNs for all their household 
members. In fact, many individuals in these households 
that own some but not enough ITNs had access to a net, 
and (in most cases) were sleeping under one, as illus-
trated in Fig.  6. This individual protection is obscured 
when programme planners focus only on the household-
level indicator.
Given these limitations of the household level indica-
tors, the population ITN access indicator is a far better 
indicator of ‘universal coverage’ because it is based on 
individual people. It provides a clear picture of the pro-
portion of individuals in a given setting that have the 
opportunity to use an ITN. It can also be directly com-
pared to the proportion of the population that used an 
ITN the previous night, which enables detailed analysis 
of specific behavioral gaps nationally as well as among 
population subgroups. Ultimately, of course, ITN use is 
the key behavior required for malaria control, but peo-
ple cannot use an ITN to which they do not have access. 
Recent research demonstrates clearly that rates of ITN 
use among those with access to an ITN with few excep-
tions are at or above an 80% target [10–13]. Therefore, 
increasing ITN access will lead directly to increases in 
ITN use.
It is important to consider and address the program-
matic and policy factors that prevent households from 
obtaining enough ITNs. The primary programmatic 
reason is that larger households rarely receive the nec-
essary number of ITNs during mass campaigns. During 
the process of household registration, programmes often 
put a cap on the number of ITNs any given household 
can receive to reduce the opportunity for fraud due to 
inflated numbers of household members. Second, during 
the process of distribution itself, campaign staff may also 
pragmatically ration ITNs if they think not enough are 
available, to remain certain that all households in their 
catchment area will receive at least some ITNs. Third, 
larger households, which tend to have more children 
than smaller households, may have some sleeping spaces 
in which more than 2 people are sharing an ITN [4] and, 
therefore, may not require (or be motivated to acquire) 
ITNs in the 1:2 ratio.
Policy decisions are also likely affecting the ability of 
large households to receive enough ITNs. The current 
guidance from the WHO recommends that mass cam-
paigns be planned with a quantification algorithm of 
“population divided by 1.8,” which is intended to account 
for the odd-numbered households that require an addi-
tional ‘half net’ according to the 1 for 2 ratio. In 2017 
the algorithm was updated by the WHO to allow a 10% 
buffer accounting for outdated census projections [14]. 
However, when looking more closely at sleeping space 
patterns, researchers have found reasons to question the 
current quantification guidance. Analysis of discordant 
ITN-person pairs (e.g., two roommates in a household 
who do not share a sleeping space) as well as the trend 
that with increasing wealth and also increasing ITN 
access, the number of people per ITN decreases, imply 
that a more accurate expectation would be that each ITN 
only protects on average 1.6 people [4]. Whether inaccu-
rate population estimates or an inadequate quantification 
factor are the greater determinant of ITN gaps during 
mass campaigns remains to be explored.
Three possible solutions to these supply challenges can 
be considered. First, if the current levels of ITN access 
are considered sufficient in epidemiological terms to 
maintain malaria control, then no changes in distribution 
strategy are required. Rather, the current targets could be 
adjusted to be more appropriate for each indicator. Enor-
mous reductions in malaria morbidity and mortality have 
been observed over the past decade, during which ITN 
coverage has not been at target levels and yet this ‘insuf-
ficient’ ITN coverage has been credited with two-thirds 
of the observed reductions in morbidity [1]. Modeling 
work also indicates that community-level protection 
can be achieved at lower-than-universal coverage levels 
of 35–65% population use of ITNs [15]. On this basis, 
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the target levels for each ITN coverage indicator might 
be adjusted to be more pragmatic—i.e. a 95% target for 
household ownership of any ITN, which corresponds 
roughly to an 80% target for population ITN access, 70% 
population ITN use, and a 55% target for household own-
ership of at least 1 ITN for 2 people.
Second, if current levels of ITN access are not consid-
ered sufficient for malaria control, and targets for ITN 
use should be 80%, as outlined in the WHO Global Tech-
nical Strategy (implying a population ITN access target 
of 90%) [16], then it follows that additional ITNs would 
need to be procured, potentially using a 10% buffer for 
mass campaigns, and/or by increasing ITN distribu-
tion through ongoing school or community based chan-
nels. The WHO currently calls for mass campaigns every 
3  years using the population/1.8 quantification factor 
with an optional 10% buffer, which is equivalent to a pop-
ulation/1.6 quantification. The guidelines further recom-
mend additional ITN distribution as needed to maintain 
target levels [14], but there is no robust guidance on how 
many additional ITNs might be needed, nor the most effi-
cient combination of distribution strategies, which inhib-
its programmes from moving away from triennial mass 
campaigns. Additional research to provide more specific 
estimates, including cost-effective options for optimizing 
ITN coverage over time and space, would likely ease this 
process for programme planners and donors.
Third, there is some scope for increasing programmatic 
efficiency in ITN distribution and attempting to use exist-
ing quantities of ITNs to achieve higher rates of cover-
age. This can be done regardless of whether the above 
two solutions are implemented. First, programmes must 
acknowledge that large households require more nets, and 
either avoid setting caps, or set them taking into account 
regional demographic variations in household sizes. Data 
on household size are regularly reported in large national 
surveys such as DHS and MIS, and are summarized here 
in Additional file 2. Caps currently serve both to limit the 
negative impact of respondents inflating household size 
during registration and to ensure that in situations where 
not enough ITNs are available, all households receive at 
least a few ITNs. Some regions may indeed have only a 
small percentage of households that are larger than 8 peo-
ple; a cap of four ITNs per household might work well. 
However, in other regions, a cap of four ITNs per house-
hold may automatically exclude 15% of households from 
reaching the target of 1 ITN for 2 people, as in Ghana’s 
northern regions where the average household size is 
larger than the rest of the country [17]. Obviously, addi-
tional mechanisms to avoid inflation of the numbers of 
household members during the campaign’s registration 
phase are and should be put in place. In areas where caps 
have been used, ‘deflation’ of household size has also been 
observed—splitting larger households into two or more 
smaller households to avoid the cap. Second, it has been 
shown previously that the quality of census and house-
hold registration data contribute much more to success-
ful campaigns than other factors [18]. Therefore, investing 
in household registration and its supervision will help to 
ensure that all households—whether large, small, or hard 
to reach—are reached and accurately served. Additional 
research will be needed to thoroughly assess cost-effective 
strategies for capping.
There are some minor methodological factors related to 
achieving universal coverage (based on either indicator) 
that should be noted. The standard MIS/DHS net roster 
only lists up to seven ITNs, ignoring any additional nets 
in the household. In the Mali 2015 MIS, 13% of house-
holds owned 7 ITNs, and it is likely that many households 
own 8 or more nets. These additional nets, however, are 
not counted and, therefore, these households (if large) 
may miss reaching the threshold of owning 1 ITN for 2 
people solely as a result of this approach. Other coun-
tries, including Senegal, have modified the standard net 
roster to allow for additional ITNs to fit their context. 
Likewise, the definition of a household—whether for 
household survey purposes or for mass campaign plan-
ning and registration—is certain to be problematic if not 
done consistently.
Conclusion
Based on the above findings, the authors recommend 
that national programmes, donors, and implementing 
partners focus on the proportion of the population with 
access to an ITN within the household as the key indi-
cator of universal coverage. Use of this population-level 
indicator as the primary measure of ITN coverage will 
strengthen national strategies, implementation plans, 
policy documents, and DHS, MIS, and MICS reports. 
The household-level indicator of owning at least 1 ITN 
for 2 people can be retained, but serve as a secondary 
indicator. Programmes will need to understand its limi-
tations, and set targets accordingly. Under current ITN 
quantification and distribution strategies, an 80% target 
for households owning at least 1 ITN for 2 people is not 
achievable at a national or even subnational level. This 
disconnect may inadvertently lead to countries being 
penalized for continued malaria funding that is contin-
gent upon performance.
This indicator is highly sensitive to average household 
size, and it masks significant individual protection—on 
average, 60% of the individual protection measured by the 
population access indicator is ignored when focus is put 
on the household “universal coverage” indicator. Given 
individual ITN use is only possible when a person has 
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access to an ITN within their household, measuring actual 
ITN access in targeted geographical areas is the more 
programmatically useful indicator. Population access to 
ITNs, because it is based on persons as the unit of analy-
sis, should be considered as the primary indicator of ITN 
coverage when assessing the success of ITN distributions.
Additional files
Additional file 1. Each of the four ITN indicators discussed in this paper 
are presented plotted against each other. Plots were made using Stata’s 
“aaplot” function, in which linear (gray lines), quadratic (pink lines), and 
fractional polynomial fits (shaded gray) can be compared. For each plot 
the equations for the quadratic and the linear models are listed, with the 
 R2 value, describing the proportion of the variance attributable to the 
included variables. Equations may be useful to inform modeling of these 
indicators.
Additional file 2. For the most recent DHS or MIS survey available in each 
country, the proportion of households with at least 7, 9, 11, 13, and 15 
usual residents was calculated, for each region or province. These repre-
sent the proportion of households that would be prevented from receiv-
ing 1 ITN for 2 people if caps are set during mass ITN campaigns at 3, 4, 5, 
6, or 7 ITNs, respectively. Programme planners may wish to consult these 
tables when considering setting caps for each region where ITNs will be 
distributed. This assumes that the definition of a ‘household’ remains the 
same during the campaign as in the surveys, generally ‘people eating from 
the same pot’.
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